Solvent extraction of Np(V) from nitric acid solution by n-octyl(phenyl)-N, N-diisobutylcarbamoylmethylphosphine oxide (CMPO) in the presence and absence of tri-n-butyl phosphate (TBP) has been studied using decalin and n-dodecane as diluents. Without the TBP, Np( V ) can be extracted using CMPO in decalin with extraction equation :
INTRODUCTION
n-Octyl(phenyl)-N, N-diisobutylcarbamoylmethylphosphine oxide (CMPO) is a useful extractant for actinides from acidic media(1)(2), because it extracts tri-, tetra-and hexa-valent actinide ions from aqueous acidic solution. Several studies have proposed that CMPO can be used for partitioning of actinides from high active liquid waste (HAW) from the nuclear fuel reprocessing(1)~(3).
One of the problems associated with the use of CMPO is the formation of second organic phasesm.
In early studies with CMPO, aromatic diluents were used to avoid second organic phase formation(1)~(3) because aliphatic diluents form a second organic phase easily. Recent study") has shown that significant improvement in avoiding the formation of a second organic phase can be brought about by the addition of a neutral monofunctional extractant such as tri-n-butyl phosphate (TBP) to the CMPO.
It has also been found that the distribution ratios of Am are higher in aliphatic diluents than in aromatic ones. Thus, less CMPO would be required to obtain a given distribution ratio when an aromatic diluent is replaced with an aliphatic diluent.
Although several studies(4)~(8) carried out on the extraction of Np with CMPO mixed with TBP and n-dodecane, the extraction behavior of Np(V) in the CMPO system without TBP is not reported.
Our objectives in this study were two folds : (a) to determine the stoichiometry for the extraction of Np( V ) from nitrate media using only CMPO in a diluent, and (b) to elucidate the effect of TBP in the extraction system.
We used an aromatic diluent to avoid the second organic phase and compared its effect on distribution ratios with that of an aliphatic diluent.
II. EXPERIMENTAL
1. Materials CMPO (M & T Chemical Inc., U.S.A.) with purity 99% was used without further purification. TBP (Yoneyama Yakuhin Kogyo Co.) and the diluents (n-dodecane and decalin (decahydronaphthalene)) (Tokyo Chemical Industries Co.) were of reagent grade and used without further purification.
The Np(V) were prepared by two repetitive CMPO extractions on the Np stock solution (in 1 M HNO3, Amersham Japan) in which Np(IV) and Np(VI) are removed leaving weakly extractability of Np(V) in aqueous solution.
2. Methods The extractant solutions were prepared by dissolving weighed quantities of the desired compounds in decalin or n-dodecane.
The maximum concentration of nitric acid used was limited up to 2 M to avoid Np( V) disproportionation reaction in the aqueous solution. 2 ml aliquot of Np(V) in HNO3 solution was mixed with 2 ml of the extractant solution for 30 min in a stoppered glass tube using a shaking apparatus (Yayoi, YSF1). The extractant solution had been previously equilibrated with nitric acid of the same concentration. After mixing, the phases were separated by centrifugation and 1 ml aliquots of the aqueous and organic solutions were transfered into polyethylene vial for r-counting (Nal scintillation detector, Aloka PS-R3076). The distribution ratios (D) were calculated by dividing the activity in the organic phase by the activity in the aqueous phase for the equal volume extractions.
For spectrometric measurements the Np solution was taken in a quartz sell of 1 cm optical path, and analyzed using UV-VIS spectrophotometer (Shimadzu, UV-160) in the region of 900~1,000 nm for Np( V).
III.
RESULTS AND DISCUSSION
1. Extraction with CMPO in Decalin Horwitz et al. (4) reported that decalin could be used successfully as a diluent for CMPO (without TBP) in Am(III) extraction over the required range of nitric acid concentrations without second organic phase formation.
In comparison, n-dodecane forms second organic phase when used for the extraction with CMPO in the absence of TBP. Furthermore, it is expected that as a diluent decalin could give a higher DNp than other aromatic diluents, Cal, or tri-chloroethylene (TCE), since according to Horwitz et al.(10) , the DCMPO (defined as the concentration of CMPO in the organic phase divided by concentration of the extractant in the aqueous phase) using decalin is lower than using other aromatic diluents, CCI4, or TCE. Since the value of DCMPO is a manifestation of the degree of interaction between the diluent and the CMPO, one would expect that the higher the DCMPO, the lower the distribution ratio of a given metal ion. Thus, decalin is useful to study the Np(V) extraction behavior with CMPO and also to compare the Np(V) extraction in the presence and absence of TBP without changing the diluent.
The DNp dependency on HNO3 concentration for CMPO in decalin is shown in Fig. 1 . The data show that below 0.3 M HNO3 the DNp significantly increases with the increasing of HNO, concentration.
However, when HNO3 concentration higher than 0.3 M, the DNp only increases and has a tendency to become flat with increasing of HNO3 concentration because in this condition competition between the nitric acid and Np for the CMPO becomes significant. This change in extractant strength at high and low HNO3 concentrations is a typical behavior of extraction with neutral monodentate and bidentate extractants. The DNp from 3 M HNO3 is 1.5 times higher than from 2 M HNO3, indicating that the Np( V) disproportionation reaction starts to occur at 3 M HNO3.
The variation of DNp from 2 M HNO3 as a function of CMPO concentration in decalin diluent is shown in Fig. 2 . CMPO gives a good second order dependency for Np(V) with extractant concentrations of 0.65 M or less. It is expected that CMPO as a neutral extractant does not ionize when extracting NpO2+. Therefore, one nitrate ion must be extracted along with the metal ion to maintain electro-neutrality. Hence, the equation for extraction can be written
where the subscripts a and o represent the aqueous and organic phases, respectively.
Using UV-VIS spectrophotometer the Np( V ) extracted with CMPO can be confirmed at wavelength 988 nm as shown in Fig. 3 .
Extraction
with CMPO+ TBP Mixtures in Decalin Among the benefits of mixed CMPO+TBP extractant systems are enhanced DAm at high nitric acid concentrations, suppressed DAm at low acidity (it is very important for stripping), increased loading capacity, and compatibility of CMPO with alicyclic and aliphatic diluents. The TBP appears to be behaving as a phase modifier by raising the solvent polarity of the diluent(4)(9). with the basicity of TBP donor group and their ability to hydrogen bond directly to CMPO molecules. The addition of a polar molecule such as TBP serves to lower the activity of CMPO by introducing very high concentrations of P=0 groups which can hydrogen bond through H2O and H+ to uncomplexed CMPO or interact through dipoledipole bonds with the P=0 and C=0 of the CMPO. This added association between TBP and CMPO molecules effectively reduces the affinity of P=0 for Np( V), thus lowering DNp.
The suppression also can be explained using solvent solubility parameter (d). The d is calculated from its molar cohesive energy and molar volume and is a measure of liquid's cohesiveness".
Liquids with high d require more energy to separate their molecules than liquids with low d. Horwitz et al. (10) reported that the heigher the d of organic mixtures, the higher the Dcmpo, and since TBP has a higher d than the other solvents used (the value of TBP, decalin and n-dodecane are 19.6, 17.8 and 16.0 (J/cm3)1/2, respectively), the addition of TBP to the solvent brings the increases of DCMPO. Consequently, in a reverse DNp decreases.
The elevation of DNp after reaches the minimum distribution ratio is less clear. It could be explained by a factor that TBP itself relatively can extract Np(V). Figure 5 shows that using TBP alone in decalin DNp can reaches 0.07 at a maximum TBP concentration (3.6 M) with extractant dependency is approximately first order. The Np(V)-TBP extraction reaction can be written
Beside the hydrogen bonding between CMPO and TBP, the excess TBP extracts the remaining Np( V), and consequently increases the distribution ratio. However we also believe that when the TBP concentration increases above 0.5 M, self-association of TBP significantly takes place by inter molecular hydrogen bonding of the P=0 group in the TBP through extracted H2O and HNO3. The net effect of the association is a lowering of the activity of the TBP which explain the decrease the extractant dependency when TBP concentration is above 0.5 M as shown in Fig. 5 . Therefore, the self-association of TBP makes the CMPO ability to extract Np( V) slightly increases. Beside the extraction of Np(V) with TBP, the TBP self-association could be the 2nd factor that elevate the DNp (it is clear that since the DNp of the CMPO+TBP extractant are not so different with the sum of the DNp of the CMPO and TBP extractants, the elevation of DNp can not be defined as a synergism). The elevation can be seen clearly in the 0.2 M CMPO concentration where low DNp was obtained using the extractant alone. At 0.41M gives relatively higher DNP, the elevation of DNp can be neglected. It is also confirmed by using UV-VIS Spectrophotometer as shown in Fig. 3 that no change on the spectrum of Np(V) extracted in CMPO solution in the presence and absence of TBP. This indicates that addition of TBP just modifies the diluent properties.
No observation can be made to detect a complex formation among the Np( V ), CMPO and TBP.
3. Extraction with CMPO+TBP Mixtures in n-Dodecane Although CMPO+TBP in decalin has good properties as an NP(V) extractant system, however n-dodecane is more acceptable diluent for commercial solvent extraction processes since n-dodecane has a flash point of 73.8dc better than decalin that has a flash point of 58dc. We found that DNp using CMPO and n-dodecane mixture is lower than using decalin. This is a surprising result since according to Horwitz et al.(10) the d of decalin is higher than the n-dodecane's, consequently it is expected that metal distribution ratios are higher using n-dodecane than using decalin. In addition, in our experiments using CMPO+n-dodecane mixture, unlike the decalin's result, the extractant dependency of DNp is far below second order. We also observed that above 0.15 M CMPO alone in n-dodecane forms second organic phase in contact with 2 M nitric acid. Although below 0.15 M CMPO after equiliberation with 2 M nitric acid solution the second organic phase are hardly observed, we believe that the low of DNp and the low of extractant dependency in all CMPO concentrations in n-dodecane are because of the second organic phase formation or the incompatibility of CMPO in n-dodecane.
The second organic phase formation is also confirmed with the results of Wei Liansheng et al. (12) that when the TBP/CMPO ratios below 1 a second organic phase appears in contact with >1.5 M HNO3.
For the above reasons, no direct comparison between the extraction behavior in n-dodecane with and without TBP can be made. However, from Fig. 6 (under the conditions that the second organic phase are not formed) it seems that the effect of TBP is as the same with the decalin system where at <0.2 M CMPO the TBP firstly suppresses the DNp and after reaches a minimum value, the DNp slightly increases again. At 0.4 M CMPO since the DNp is relatively high the elevation can be neglected.
As expected from the 5 values, substituting a n-dodecane for decalin raises DNp. For example, DNp from 2 M HNO, solution using 0.2 M CMPO+0.5 M TBP in n-dodecane is 0.6, while that obtained under the same condition using decalin as diluent is 0.28. However, at 0.4 M CMPO, when the TBP concentration is above 1.5 M there is a tendency that the DNp using n-dodecane are almost same with using decalin.
This experimental observation can be explained that since the volume of n-dodecane and decalin become low, the function of diluents are almost taken over by TBP. Furthermore as shown in Fig. 5 when the TBP concentration is above 1.5 M (in n-dodecane) the DNp using TBP+n-dodecane approaches the DNp using TBP+decalin (this could be due to the self-association of TBP that in n-dodecane may significantly takes place at >1.5 M TBP).
IV. CONCLUSION
It was found that Np( V) can be effectively extracted with CMPO in decalin diluent especially when the CMPO concentration above 0.5 M. The dependency of DNp on CMPO concentration is second-order in 2 M HNO3.
The addition of TBP slightly suppresses the DNp, due to the TBP ability to interact CMPO molecules that reduces the affinity of P=0 for Np(V) or due to the increasing of solubility parameter of organic solution. When CMPO below 0.2 M after the DNp reaches the minimum value then the DNp gradually increases as the TBP concentration increases. No synergism can be detected when TBP was added in the organic solution.
